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Seed moisture content (MC) is a key component that determines storability of germplasm conserved in 
seed genebanks. The purpose of this research was to compare the efficiency of sun-, shade-, silica gel- 
and conventional room drying in terms of rice seed MC and viability using seeds of two interspecific 
progenies (NERICA 1 and NERICA 3) and their parents Oryza glaberrima and O. sativa varieties 
harvested 15 days before, at and 15 days after mass maturity. Sun drying most significantly reduced MC 
(4-5%) and was comparable with silica gel drying regardless of the variety tested and the maturity stage 
at harvest. Likewise, sun drying gave the best germination percentages followed by silica gel. Shade 
and room drying did not significantly lower MC and led to poor germination, especially when rice was 
harvested prematurely. Except for the sativa variety, harvesting prematurely resulted in no germination. 
In contrast, the initial germination percentages in all tested varieties improved as rice was harvested at 
or after mass maturity rather than 15 days earlier. Though comparable to sun drying, silica gel may not 
be readily available and affordable for resource-limited seed storage facilities. In this case sun drying 
was found an effective and affordable method for short-term storage, especially farm-saved seeds.  
 





The rationale for drying seeds is to reduce their moisture 
content to a level, which prolongs longevity during 
storage in seed genebanks, and consequently increase 
the regeneration intervals. Regular regenerations of 
accessions are needed to ensure that the seeds stored in 
base collections do not fall below acceptable levels of 
viability and yet minimize the number of regeneration 
cycles to ensure that the genetic integrity of accessions is 
maintained. The regeneration intervals depend on the 
longevity of the seed in storage. For example, Harrington 
(1973) reported that seed longevity is doubled by each 
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and Ellis and Roberts (1991) suggested a curvilinear 
relationship between seed moisture content and the 
logarithm of longevity.  
Many genebanks use the conventional drying room or 
dessicants such as silica gel to dry seeds. In many 
resource-limited African countries, either the required 
apparatus is missing or the power supply to run 
consistently the equipment is rather erratic and costly. 
Also, conventional methods such as desiccant drying or 
room drying of seed often do not reduce the water 
content of seeds sufficiently (Justice and Bass, 1978). 
Developing efficient and affordable low input drying 
procedures to reduce seed moisture content without 
causing damage to the seed tissue is a priority, especially 
for resource-limited seed bank curators in most national 
agricultural research systems in Africa. Also, the alterna-
tive  of  low-input  drying  methods is suggested to reduce 
 




Table 1. Analysis of variance of moisture content of seed of rice varieties harvested at different maturity stages using four drying methods. 
 
Source of variation Sum of squares Degree of freedom Mean Square Computed F Significance 
Model* 2270.3 21 108.1 17.1 <0.0001 
Variety 0.8 3 0.3 0.04 0.9880 
Maturity 248.5 2 124.2 19.6 <0.0001 
Method 2014.9 4 503.7 79.5 <0.0001 
Variety*Method 6.2 12 0.5 0.08 1.0000 
Error 240.7 38 6.3   
Corrected total 2511.1 59    
 
*R2=0.904 
Type III of Proc GLM procedure(SAS). 
 
 
the dependency on unreliable and expensive electricity 
supply for seed drying. Nevertheless, the effects of low 
input methods on seed quality need to be assessed. 
Seed maturity stage at harvest is another factor that may 
influence seed storage potential. Immature seeds are 
often sensitive to damage from desiccation to very low 
moisture contents (Ellis and Robert, 1991; Hong and 
Ellis, 1996). Delaying harvest in the field may also 
expose seeds to damage when they are dried to very low 
moisture contents.  
While much research has focused on the optimal seed 
moisture content for storage (FAO/IPGRI, 1994), yet 
limited data exist on how to dry seeds. In the present 
research two low input drying regimes (sun-, and shade 
drying) were compared with the conventional desiccant- 
and room drying to determine the more efficient method 
for drying seeds of Oryza glaberrima and Oryza sativa 
parents and their two interspecific progenies (NERICA 1 
and NERICA 3) harvested at three maturity stages; 15 
days before, at and 15 days after mass maturity). 
Efficiency was evaluated against the lowest seed 
moisture content and highest germination percentages.  
 
 




The experiment was carried out at the main research station of the 
International Institute of Tropical Agriculture in Ibadan, Nigeria (210 
masl, 2°34'E, 4°46'N) during the 2005 wet and dry seasons. The 
total rainfall during the field experiment period was 601 mm, while 
the average temperature and the average relative humidity (RH) 





The most promising interspecific NERICA rice varieties (Oryza 
glaberrima x Oryza sativa) released or in the pipeline for release in 
Nigeria, namely WAB 450-I-B-P-38-HB (NERICA 1) and WAB 450-
I-B-P-28-HB (NERICA 3), and their parents O. glaberrima steud 
(CG 14) and O. sativa L. (WAB 56-104) were grown (Table 1). 
Seeds were obtained from the rice germplasm collection of the 
Genetic Resources Unit at the Africa Rice Center (WARDA).  
The field experiment was conducted during the wet season 
(June-September) in three replicate blocks and seeds were 
harvested per block. The first block was harvested fifteen days 
before mass maturity (pre-maturity), the second block at mass 
maturity and the third block fifteen days after mass maturity (post-
maturity). The maturity stage was defined according to the number 
of days to mass maturity of each variety, which was indicated in the 
technical fact sheet of the released varieties made available by the 
African Rice Initiative (ARI) project. For the parent varieties (CG 14 
and WAB 56-104), the information was derived from the WARDA’s 
Germplasm Information Sharing System (WAGIS) database. The 
pre- and post-maturity stages were then estimated at 80 and 110 
days for NERICA 1 and NERICA 3 (15 days before and after mass 
maturity respectively), at 90 and 120 days for upland O. sativa 
japonica type WAB 56-104 (15 days before and after mass maturity 
respectively) and at 99 and 129 days for the African glaberrima rice 





Shade, sun, and silica gel drying were compared with cold room 
drying. For each entry, four random samples of 50 g each of seeds 
were used for each drying treatment.  For shade drying, seeds were 
laid on a black linen sheet and set under shade conditions where 
the temperature varied between 24 and 27°C and the RH between 
60 and 70% during the experiment.  
For sun drying, samples were spread on concrete floors and set 
under sunbeams from 10 a.m. to 4 p.m. The temperature varied 
between 37 and 40°C and the relative humidity ranged between 30 
and 40%. At night, the seeds were sealed in aluminium foil and 
safely kept in a room. Also, when the bad weather conditions during 
the experiment period made it not possible to display seeds for 
drying every day, the seeds were sealed in aluminium foil and kept 
inside a room. The temperature in the room was around 27°C and 
the relative humidity was below 50%.  
Other samples were placed in desiccators that contained self-
indicating silica gel (containing cobalt chloride) with a 1:1 (silica 
gel:seed) ratio by weight. Silica gel was replaced when 70% or less 
of the gel had changed its colour to pink (Fischler, 1993). On this 
basis, the silica gel was replaced each morning for the first two 
days, then every 2–3 days during the desiccation process. The 
temperature in the desiccators was maintained around 25°C. 
In the drying room, samples were placed in small open 
containers. The temperature inside the room was around 10°C and 
the RH was around 40%. The seed moisture content (MC) was  
 




Table 2. Mean time to drying (days) for rice seed after drying using four drying methods. 
 
Maturity stage Drying method NERICA 1 WAB 56-104 NERICA 3 CG 14 
shade 23 22 23 24 
sun 18 22 23 24 
Silica gel 23 22 22 22 
 
15 days before mass 
maturity 
Cold room 24 23 23 21 
shade 19 18 17 20 
sun 18 18 18 18 




Cold room 18 18 18 19 
shade 11 12 12 12 
sun 11 12 12 12 
Silica gel 15 15 15 15 
 
15 days after mass 
maturity 
Cold room 11 12 12 12 
 
LSD0.05 (Drying method) = 0.8  
LSD0.05 (Variety) = 0.7  




determined gravimetrically and expressed on a fresh weight basis. 
The dry weight was measured after heating seeds in the oven for 
17 h at 103°C according to the International Seed Testing 
Association rules (ISTA, 1993). The weight of all replicates was 
monitored daily until no further change in weight was observed. The 
duration (number of days) after which constant weight was reached 
was recorded.  
 
 
Seed viability  
 
Seed viability was determined through germination tests before and 
after drying at the International Institute of Tropical Agriculture 
(IITA) research station laboratory in Ibadan, Nigeria. A completely 
randomised design with three replicates was used. The 
experimental unit was made of 100 seeds placed in a standard 
Petri dish on a moist germination paper. Germination paper in each 
Petri dish was watered with 5 ml distilled water. The Petri dish was 
placed in a standard in an incubator (THERMOSI, SR 3000, model 
EBV 200) at a constant temperature of 30°C for 7 days. It was 
assumed that the conditions affecting germination (temperature, 
relative humidity) are constant within the incubator. The number of 
germinated seeds was counted after 7 days for each entry. 
Germinated seedlings were recorded for each entry and the 





Data were analysed using the general linear model (GLM) of the 
SAS program (SAS 2001). The least significant difference of means 






Seeds moisture content 
 
Seed moisture content (MC) varied largely according to 
the maturity stage of varieties at harvest (p<0.0001) and 
was significantly affected by the drying method used 
(p<0.0001), but not by the variety tested (p=0.98) (Table 
1). As expected, the initial seed moisture content (IMC) 
was generally higher before mass maturity than at and 
after mass maturity (Figure 1). When seeds, irrespective 
of the variety tested were allowed to dry under sun and in 
the desiccator, their MC was significantly lowered. The 
MC of seeds of all four varieties, after mass maturity did 
not change significantly regardless of the drying 
procedure used (Table 2). Room drying did not 
significantly lowered MC as recorded in the seeds before 
drying. Drying under sun was comparable with silica gel 
drying for all materials tested. In contrast, seed MC did 
not reduce significantly when seeds were dried under 
shade and room drying as compared with sun and silica 
gel drying (Figure 1). Both sun and silica gel drying 
methods allowed drying seeds to lower moisture contents 
than the other procedures, irrespective of the maturity 
stage of varieties at harvest. The MC of all the rice seeds, 
regardless of the varieties reached an average of 5–7% 
when dried over silica gel. Sun drying allowed lower MC 
of 4-5%, though the difference was not significant 
(LSD=2.6 at p<0.05). Means of varieties, when averaged 
over maturity stages at harvest and drying methods 
showed no significant differences. On the other hand, 
delayed harvest significantly reduced seed MC, 
irrespective of the variety tested and the drying method 
used. However, this was true for shade and room drying, 
but not for sun and silica gel drying. So, it did not pay to 
leave over in the field the tested varieties if their seeds 
were to be sun or silica gel-dried.  
 
 
Days to drying 
 
Table 2 shows the number of days necessary to reach 
constant seed weight under the various drying conditions  
 























































































Pre-maturity Full Maturity Post-maturity
 
 
Figure 1. Percentage of moisture content of rice seeds before and after drying. IMC, initial moisture content (before drying). LSD0.05 




tested. The drying time was found to vary depending 
largely (p<0.0001) on the seed maturity stage at harvest 
and less on the drying method (p=0.006) and variety 
(p=0.04). Seeds harvested prematurely 15 days before or 
at mass maturity generally needed more time to reach 
constant MC (Table 2). The drying patterns for seeds 
using the various methods were rather similar within 
maturity stage of the variety at harvest. However, delayed 
maturity stage at harvest shortened the time to reach 
constant seed weigh (Table 2).  The results showed an 
average of 22, 18 and 12 days corresponding to the time 
needed to reach a constant seed weight when varieties 
were harvested 15 days before, at and 15 days after 
mass maturity, respectively. 
 
 
Effect of drying procedure on seed viability 
 
The effect of the drying procedure on seed viability was 
evaluated through germination tests (Table 3 and Figure 
2). The percent germination of seed varied significantly 
between rice varieties (p=0.0006), and was largely 
affected by the maturity stage at harvest (p<0.0001) and 
the drying method used (p=0.002) (Table 3). Except for 
the O. sativa parent variety (WAB 56-104), harvesting 15 
days prematurely resulted in no germination of seeds of 
the interspecific varieties (NERICA 1 and NERICA 3) and 
their O. glaberrima male parent (CG 14). It was observed 
that at any maturity stage or any drying method used CG 
14 never reached more than 60% germination while WAB 
56-104 and the progenies NERICAs recorded as high as 
100% (Figure 2). With the exception of CG 14 the initial 
germination percentages improved as rice was harvested 
at mass maturity rather than 15 days earlier (0 to 40% 
germination for the NERICAs; 25 to 30% for WAB 56-
104). The extra 15 days in the field caused the initial 
germination in CG 14 to reach 20% while this delay 
increased germination from 40 to 50% in NERICA1, 30 to 
50% in WAB 56-104 and doubled it to 80% in NERICA 3. 
Drying by any method improved germination of the seeds 
harvested at any of the maturity stage studied. However, 
sun drying gave the best germination percentages at all 
maturity stages, in particular when the varieties were 
allowed an extra 15 days beyond the mass maturity date 
(Figure 2). Room drying led to poor seed germination, 
especially when rice was harvested 15 days before 





Controversial reports consistently documented the impact  
 




Table 3. Analysis of variance of percent germination of seed of rice varieties harvested at different maturity stages using four drying 
methods. 
 
Source of variation Sum of squares  Degrees of freedom Mean Square Computed F Significance 
Model* 49694.3 21 2366.4 5.6 <0.0001 
Variety 9397.9 3 3112.7 7.3 0.0006 
Maturity 30817.6 2 15408.8 36.2 <0.0001 
Method 8950.7 4 2237.7 5.3 0.0018 
Variety*method 758.5 12 63.2 0.2 0.9995 
Error 16190.7 38 426.1   
Corrected total 65885.0 59    
 
*R2=0.854 
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on seed quality of the maturity stage at which seeds are 
harvested (Probert and Hay, 1999). For example, 
Harrington (1972) suggested that mass maturity may be 
the appropriate time for maximum seed viability 
andvigour. In contrast, Hay and Probert (1995), 
Kameswara Rao et al. (1991) and Pieta Filho and Ellis 
(1991) reported that seed quality continues to increase 
during the post-abscission phase. Monitoring the 
moisture content and dry weight of seeds during their 
development can often be useful in helping to decide 
when to harvest seeds (Hong and Ellis, 1996). In the 
present study, the initial moisture content of seeds was 
variable and higher before mass maturity than at and 
after mass maturity (24.9 -17.3 -13.3% in CG 14, 21.4 -
17.0-13.9% in NERICA 1, 25.5-15.2-14% in NERICA 3, 
23.8-16.5-13.5% in WAB 56-104; the three values for 
each variety correspond to 15 days before, at and after 
mass maturity, respectively). The high initial moisture 
content recorded in the rice seeds before mass maturity 






15 days) considered in this study between the three 
maturity stages. 
Comparison of the four drying methods indicated that 
shade and room drying did not significantly lower seed 
MC of any variety tested. During this study, the relative 
humidity (RH) recorded in the drying room was high 
(40%). This unusually high RH presumably led to a 
higher seed MC in comparison with drying under shade 
(Figure 1). Had RH been maintained at a lower level (10–
15%), one would have expected that a more effective 
drying could have been achieved. Sun drying and silica 
gel drying were the most effective methods as they 
allowed seeds to be dried to as low as 4-5% and 5-7% 
MC, respectively.  
Drying seeds under ambient RH and temperature is a 
common practice in many countries in Africa for small-
scale seed drying (Probert and Hay, 1999), but the 
results obtained depend mainly on the season, location 
and species (Hong and Ellis, 1996). During the present 
study drying operations were carried out during the dry 
season in Ibadan, Nigeria. Achigan et al. (2004) studied 
the effects of contrasting drying procedures on maize and 
Vigna spp., and suggested the results to be very similar 
during both dry and wet seasons. It was reported that 
conventional drying methods may fail at times to reduce 
sufficiently seed MC to ensure long-term storage (Justice 
and Bass, 1978). Data in this study showed sun drying to 
be most effective in lowering rice seed MC. The high 
germination percentage of the dried seeds indicated that 
sun drying might not have affected initial seed quality 
even though further experimentations might be necessary 
to investigate the effect of sun drying on seed tissue 
integrity.  
Silica gel drying using a 1:1 ratio (silica gel : seed) 
gave the next highest drying rate, compared with shade 
and conventional room drying, regardless of the variety 
tested and the maturity stage at harvest (Figure 1). This 
is consistent with other seed drying studies carried out 
using silica gel. Kong and Zhang (1998) dried asparagus 
bean seeds from 12 to 4% using silica gel with a ratio of 
4:1 gel : seed. Seeds of two bean cultivars were dried for 
50 days with silica gel in desiccators using a gel : seed 
ratio of 1:2 (Fischler, 1993). The same ratio was used by 
Zhang and Tao (1989) when drying bean seeds from 14 
to 5% MC for 30–34 days. By using a higher silica gel to 
seed ratio, the frequent renewal of silica gel is reduced. 
Although silica gel is a very effective desiccant for drying 
seeds to very low MCs, many authors argued that the 
cost and labour involved in the daily regeneration of silica 
gel makes it a less practical method, as compared with 
oven drying or freeze drying (Hong and Ellis, 1996; Kong 
and Zhang, 1998). However, in situations where the 
supply of electricity is erratic and costly as witnessed in 
many countries in Africa, silica gel may be a viable option 
provided it is readily available cost effective. 
This present study showed that all the drying methods 




used improved germination of seeds harvested at 
different maturity stages. Previous studies indicated that 
desiccation tolerance is improved by slow drying or 
delayed drying (Hong and Ellis, 1997; Hay and Probert, 
1995). One could speculate that the slow drying process 
allows seeds to continue to mature after the crop is 
harvested. In the case of the O. glaberrima variety (CG 
14) and the interspecific NERICA progenies (O. 
glaberrima x O. sativa), the low initial germination 
percentages could be attributed to an innate dormancy 
that was subsequently lost after drying (Ellis et al., 1985). 
Guei et al. (2002) reported dormancy characteristics in 
the same glaberrima (CG 14) and NERICA varieties. Ellis 
et al. (1983) also demonstrated that germination of O. 
glaberrima seeds was improved after drying and 
attributed this to after-ripening. The results of the present 
study also showed that none of the drying methods used 
adversely affected seed viability. These observations 
were consistent for all methods and maturity stages 
studied. 
In conclusion, this study identified sun- and silica gel 
drying methods as the most effective procedures in 
lowering seed moisture content and enhancing seed 
germination percentages in CG 14 (O. glaberrima steud), 
and WAB 56-104 (O. sativa L.) varieties and their 
progenies (NERICA 1 and NERICA 3) under the present 
experimental conditions. None of the four drying regimes 
used adversely effected seed quality, as measured by 
seed germination percentages. However, further 
research may be needed to study particularly the effect of 
the sun drying method on the rice seed tissue integrity. 
Data obtained in this study are of interest for short-term 
storage, including farm-saved seeds. From the 
germplasm conservation perspective, further studies are 
needed to determine the impact of the tested drying 
methods on the long term seed storability in seed 
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